A new scheme for molecular tagging velocimetry in unseeded air flows is presented. The method, called Air Photolysis And Recombination Tracking (APART), is based on the photo-induced formation of nitric oxide (NO) in the waist region of a focussed ArF excimer laser beam. The distribution of the formed NO molecules is imaged by Planar Laser Induced Fluorescence (PLIF) in the y-band. A frequency doubled dye laser beam is collimated to a thin sheet for this purpose. The new method has been applied to a laminar and a turbulent air flow. Velocities could be determined with an accuracy of 5% using single 'write' and 'read' pulses. By averaging over many laser pulses velocities as low as 1 cm/s could be measured. Furthermore, it is shown that APART can be applied to reactive flows.
INTRODUCTION
In Molecular Tagging Velocimetry (MTV) 1 ' 2 ' 3 a pulsed laser is used to 'write' a pattern in a flow field. After a time delay the pattern, that has been altered by the flow-field, is read back. From the displacement and the deformation of the pattern a map of velocity vectors can be determined. The information obtained with MTV is comparable to that obtained with particle-based techniques like Particle Imaging Velocimetry (PIV). However, problems related to the use of tracer particles, such as particle lag, disturbance of the flow field etc., do not occur with MTV. Several techniques that can be used for molecular flow tagging in gas flows have recently been developed. Techniques based on the photodissociation of NO 2 or tert-butyl nitrite to form nitric oxide (NO) or the photoexcitation of biacetyl demand homogeneous molecular seeding of the flow. The written pattern is read by means of Laser Induced Fluorescence (LIF) of NO or laser induced phosphorescence of biacetyl, respectively. The application of these methods is limited to closed flow systems, because the additives are toxic or at least irritant (biacetyl has a very irritant smell). Furthermore, biacetyl phosphorescence is strongly quenched by oxygen and therefore, this method can only be used in the absence of oxygen.
For the investigation of turbulent free jets a method that does not demand the addition of seed molecules or particles would be preferable. For this purpose we need a method with the following features: complicated patterns can be written with a single write pulse and the read process can be performed with a single read pulse with delays between both pulses in the order of relevant time scales of the flow. Therefore, it is very important to find a technique with large signal intensities and a long lifetime of the tagged molecules. Known techniques suitable for unseeded air flows are RELIEF (Raman-Excitation and Laser-Induced Electronic Fluorescence) of O 2 , H 2 O photolysis followed by detection of OH , and photodissociation of O 2 followed by detection of O 3 . In this paper we introduce a new method for MTV in unseeded air flows: Air Photolysis And Recombination Tracking (APART). A comparison of this new method with existing ones will be made in terms of signal intensities, lifetime of the tagged molecule etc.
METHOD
APART is based on the 'photosynthesis' of NO. The beam of a broadband ArF excimer laser (A-Physik, CompeX 350T, used in amplifier only mode; A, = 193 nm) with a pulse energy of ca. 40 mJ/pulse was focused in air leading to the formation of NO in the waist region by recombining the atoms in the main air constituents O 2 and N 2 . The exact mechanism behind the NO formation is not clear yet, but there is 1 American Institute of Aeronautics and Astronautics
